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UNITED STATES PATENT 

1 
Te Present invention relates fa restricting 
valves and in particular fo a novel restricting 
valve adapted to be placed in a refrigerant circu- 
tating system to restrct the flow of refrgerant 
through the circuit or througb a particuiar lr- 
tion of the circuit. 
If is the principal object oî the present, inven: 
tion to provlde a nouvel solenoid oporated 
restrictlng valve, to be inseted în a refrigerant 
¢irculating system, which incorporates a min- 
mmn of moving parts and which will be m(ved to 
open or closed positions as desired »egardless of 
flow and pressure conditions existlng in the 
eult.  
I is a further object te. pravide :a nove sole- 
rmid operated valve which en readil be changed 
from the oper to closed, condition or from the 
elosed to open condition vtthon sticking. 
It is  further object to provide an improved 
type of restricting valve for use in a refrigerant 
circuiating system which will: hot become frozen 
in either the open or the cl0sed position 
If is still another objec£ to provide a novel 
solenoi operated zestricting valve which is sim- 
pie tri construction, la economical te manufac- 
ture and bas a longlte. 
Other objects and advantages will become ap- 
larent, from the following description taken in 
coruncfàon wi-th the accompanying drawings, 
oeherein: 
Ftg: 1 ls an elevationat vicw of a :portion of 
aue type of refrtgerant ciulating system incor- 
Dorating the restricting valve of this invention; 
Fig..2 is an enlarged medial cross s.ectional 
view wth the valve in open position; 
Fig. 3 i. a view similar to Fig. 2, but illustrat- 
iag the valve in closed position; 
lVigJ 4 is a fragmentary medial cross sectional 
iew of a modifled construction of the valve; and 
Flg.::.5 ïa a ear elevattonal view, somewhat 
schematic in form, of a typical installation in- 
coz,Porating the restricting valve of thts inven- 
tion and showing the refrigerator cabinet in 
lhantm eutline. 
The valve of the present invention is lrticur 
larly adapted to be used in a refrlgerant circu- 
lating system such as that shown in the co.-pend- 
ix application of Evans T, Morton, Serlal No. 
OE0080, filed January 3 1947, now Patent No. 
,586,853, f0z aninventon entitled '¢Multille Tem- 
]zature Refrîgeratcr." Slecifically, a two tem- 
Derature rerigerator is described in that appli- 
cstic and is cooled hya pzimary-secndary type 
af zefrigeration system which is somewhat sche- 
zatically fllustrated inFg. 5. The system bas a 
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primary reîrigerant cireulating circuit  which 
includes a compresser 92 condenser 94, capillary 
tube 96, eaporater .9.8, aacumulator I O0 and suc- 
tion tube i 02; it. also has a secondary circuït fO4 
5 incluin a cndenser 6 an au evalator 08 
which is in contac with a 'Liner ! 0e forming the 
large, mois cold food storage compartment The 
primar evaporater is divided in two Portions, 
ne prtion  ! 0 being i cont.act v¢ith a frost chest 
 liner .! and the other portin 12 heing pexma- 
nentiy secured  a so catled "contact plate" 
This latter portion efects: the transfer of heat 
between the se¢ondary ¢ondenser which ia 
cured to a similar contact plate,, and the primary 
15 evaoratr and is the portion il.ustrated u detail 
in Fig. 1. The wo contac plates are removably 
secured together so tha the primary refrigera- 
tion system may be removed from the cabine, 
indicated by the dot-dash lines and: the refer- 
20 ence character ! ! 2. 
In this yle of refrigeratr, if is frequently de- 
sirabte te cool. the: frost chest without cooling 
the secondary condenser {16, and af other tknes 
o cool the secondary condenser !06 The 
25 rigerator is prOvidec with selmrate and inde- 
pendent thermostatic controls (noir shown) which 
may be responsive fo the respective compartment 
temperatures or to the temperatures f the 
erant associated with the cmpartments and clr- 
30 culating .in the primary and secondary . systems. 
The theTosta associated wi£h the frost chest 
! !.! controls: the operation f the compresser 
vhlle that associated wit the warmer compart- 
men !.09 contrels the caoling conditions, in 
35 spect of the secondary condenser !$ In order 
that the seendary condenser l{16 ma: be cooled 
independentiy of the frost ches£ !!:!, the 
mar system incorporates the two separate 
orator portions !2 an ! . These portions, are 
,t0 so arranged tha/ they may be connecteoE in series 
or that one of themthat which cools the sec» 
ondary condensermay be by-passed. The by- 
pass is provtded with a controllable restriction 
which» in the refrigeraor under discussion, is the 
5 resricting valve of the present invention, this 
valve heing in either the closed or open Dosl'tàon 
as set by the warmer cm-naprtment thermostatic 
cntroh 
In other types of primary-secondar rofriger- 
5O ating systems, tw priraary evaporaters may ho 
arranged in parallel or partially in parallel and 
Partiatly in Serles. Regardless of wha type af 
primary Ystem is used,, it is desirable t con.trot 
the: fioW; of refrigeranç through the different 
55 evaprator portions, in such manner that the 
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3 
proper tempeïatuïe conditions are maintained in 
the storage compartments. 
In order that this control over the fiow of re- 
frigerant be had, it is necessary only fo increase 
the obstruction or resistance to the fiow of re- 5 
frigerant in one portion of the evaporator fo a 
point wheïe it is greater than the obstruction or 
resistance fo fiow of refrigerant in the alternate 
portion of the evaporator as the liquid reïriger- 
ant will lïow through that portion where the 
resistance is the smallest. By alternating the re- 
sistance the refrigerant can be ruade to lïow 
through the proper evaporator portions accord- 
ing fo the cooling reiuirements of the refrigerator 
compartments. 15 
If is hot necessary that an absolute shutting 
off of the coils of a particular section or portion 
of the evaporator be made but merely that it 
require more pressure to send refrigerant through 
the one portion of the evaporator than through 2O 
the portion that is tobe used for a particular 
cooling. By properly placing the restricting valve 
of the present invention in the refrigerant cir- 
culating tubing, the desired control over the fiow 
of refrigerant through the different portions of 25 
the evaporatoï may be obtained. 
While the invention is described with particu- 
lar reference to the primary-secondary system of 
the aforesaid application of Evans T. Morton, 
Serial No. ï2.0;08.0 and illustrated in Fig. 5, never- 3O 
theless itis tobe understeod that the principles 
of balancing pressures and resistance to fiow may 
be applied to other types of refrigerating systems 
and the restricting valve of the present inven- 
tion .may be nsed in such systems. The illus- 35 
tration, therefore, is merely indicative of one use 
of the invention and is not fo be considerec as 
being limitative. 
leferring now to Figs. 1 to 3, the primary con- 
tact plate I} normally in contact and heat ex- 40 
change relationship with the similar plate se- 
cured to the secondary .condenser 106, has the 
primary evaporator coil 2, soldered, brazed or 
welded to the face thereof to provide a good 
-thermal connection. The inlet end of the coil 45 
2 is connected at 4 Vo a tube 6 the end 16 of 
which is in turn connected to the .capillary tube 
96 of the primary refrigerant circulating system. 
The ourlet end of the coil 
to the tube 6. Suitable refrigerant traps 3 are 50 
providedin the coil 2 to increase the resistance 
to the fiow of refrigerant therethrough thereby 
preventing such lïaw when the resistance to fiow 
-through the tube ! 6 is less than that through the 
coil J2.. The reference character 
 end of ttie tube ! 6 which is connected to that por- 
.tion J9 of. the primary evaporator which is in 
 COntact with the frost chest liner | ! |. A refrig- 
erant fiow controliing restricting valve 4 is 
placed in the tube 16 intermediate the junctions 60 
.14 and 2{}. 
The tube  is formed in two sections, 26 and 
.2, and is made of a non-magnetic material such 
as copper, which possesses the further advan- 
tageous characteristic of noncorrosiveness. The 65 
tubes 26and 2 are silver soldered to a verticaliy 
disposed tubular valve body 6, preferably made 
of brass, which is '.closed at its bottom 32 and open 
ai the top. Below its vertical center the valve 
body is provided with a pair of diametrically- 70 
opposed openings  which are in communica- 
tion with the tubes 25 and 2. At its upper end 
the valve body $0 is closed by a very rhin brass 
plate $6 which is retained in position by a sole- 
'noid cote $$ formed of a magnetic material such 

as iron or steel. The core 
fit over the upper end of the valve body to which 
itis silver soldered at 46. 
A valve plunger 42 formed of a magnetic mate- 
rial reciprocates vertically within the valve body 
3}. Neither the plunger 42 nor the cote 6 are 
permanent magnets nor ruade of material which 
may be permanently magnetized by ordinary 
household current customarily supplied at 110- 
120 volts. The valve body 42 is provided with 
an intermediate portion 44 of considerab]y 
duced diameter and with a rounded head por- 
tion 6. When the plunger 42 is at the bottom 
 Of the valve body $6 the reduced portion 44 is 
opposite the openings $4 and the valve is open; 
but when the valve body 42 is in its raised posi- 
tion (Fig. 3), the portion 46 is opposite the open- 
ings $4 and the valve is closed. 
The plunger 42 has an outside diameter slightlY 
smaller than the inside diameter of the tubular 
valv body $6 so that the plunger wfll reciprocate 
freely and will hot stick in either ifs raised or 
lowered position. Since the plunger face area at 
,the top of the reduced portion 44 is equal to that 
ai the bottom thereof, the effective fiuid pressure 
exerted on the faces of the reduced portion is 
zero, and the plunger wi]l reciprocate in the valve 
body independently of the pressure of the re- 
frigerant or of its rate of fiow. In practice 
has been round that an annular clearance of .0!5 
inch between the plunger and the valve body gives 
very satisfactory performance and actually does 
hot completely cutoff the fiow of refrigerant from 
the tube 26 to the tube 2 when the valve is in 
its closed position. When the valve is closed the 
path of least resistance is through the coil . 
HoweVer, with the reduction in pressure at the 
junction of the ,capfllary tube and the tube 
the refrigerant commences boiling and a small 
amount of vapor or gas is formed. By causing 
the gas to bubble out of the liquid refrigerant in 
the tube 6 if will pass the restricting valve 
without carrying an appreciable amount of liquid 
refrigerant with it. This gas separation means is 
fllustrated a.nd described in the copending.appli- 
cation of Evans T. Morton, Ser. No. ï20,080. 
A solenoid coil 4 provided with leads {} and 
2 is mounted around the cote 3. The coil 
is wound upon a suitable spool 
and  and made of an electrical insulating mate- 
rial. The solenoid cote $$ is cylindrical, and the 
spool has a complemehtary cylindrical opening. 
A U-shaped shield or retalner {} removably holds 
the solenoid coil 45 in place on the cote. The 
retainer 6I} is provided with a bottom fiange 
having an operdng 64 which is only slightly larger 
than the outside diameter of the cote $$ and slips 
readfly thereover. Adjacent its upper end the 
core $8 is provided with a shoulder 66 on which 
an upper fiange 6 of the retainer 66 is seated, 
the diameter of opening 6 in the top lïangebeing 
smaller than the major outside diameter of the 
cote $. A hairpin shaped retaining spring 
is engaged in a notch ]4 in the upper end of the 
cote 3 above the fiange 6 to prevent inadvertent 
removal or dislodging of the coil 4 from the 
cote $. 
The solenoid coil 45 is removable from the 
valve and the cote  because it 
have the primary refrigerent circulating syste 
96 removable from the cabinet. ,Since the valve 
24 is a permanent component of the primary sys- 
rem it is likewise removed. Usually it will be 
unnecessary to remove the solenoid coil 4 from 
the refrigerator cabinet, and, thereore, 



deslrable .that::the :coil: I be removablë: îrom the 
valve body. . .. 
In the typical reÏrigerating system shown 
Fig. 5 the s01enoid Cofl 45 is erglzed and deen- 
ergized: according to tmperature conditions in 
the warmer or ood srage compartment 0 of 
the refrigeraor. ënthis . temperature rises 
above  desired value, the circuit, including the 
solenoid coil 8 is energized nd .the plunger 42 
is moved upwrdly tothe .ponton shown in Fig. 
3 to increase h amount of resianc6  to the flow 
of refrigerant through the tube [6 so tht it is 
greter thon the resistance of the Coil [ { threby 
causing the refrigerant to flow hrough the evap- 
orato- cOfl [} which is secured  the faceo  he 
contact plate [9. When sueiet'cooling of the 
secondary refigerant, circulai ystem  ': bas 
taken place and the temratUre in the' food 
storage compartment has dropped suciely, 
he c}rcu}t o the sotenoid co1  Will be broen 
and the plunger 2 fll flr0p: bY. graty  the 
bottom of the lve body 9, bringing the portion 
4 ote plunger opposië/the opemngs  t0 
restore communication between the tubes 6 and 
2. With the valve 4 open the evaporar coil 
[ 2 ll be by-passed because the liquid refrigerant 
in the traps [ builds up sucient resistance fo 
prevent flow therethrough provided a parallel 
path having a lower resistance is open; this low 
resistance path is through the tube [6 and 
valve 
The brass plate 35 placed between the upper 
end of the plunger 4 and the adjacent lower face 
of the cote 8 prevents the establishment of a 
holding magnetic circuit through the plunger 
and the cote 8 based upon residual magnetism, 
so that when the magnetic circuit built up by the 
coil 8 coapses, the plunger 4 will drop by grav- 
ity fo the bottom of the valve body. It is, of 
course, important that the valve 4 be mounted 
so that the plunger 4 wfll be returned fo its 
test or normal position by gravity. 
A modifled type of valve 4« which operates on 
the saine principle as the valve ustrated in gs. 
1 to 3 is shown in g. 4. This valve comprises 
a valve body  having the general fo of a 
cross and mode of a brass forging or extrusion. 
A vertical bore or cylinder ]6 is driHed therein 
but hot through if, so that the bottom of the 
cylinder is closed. A plunger 4 is mounted for 
vertical reciprocation thin the bore or cylinder 
] in the saine manner as the plger 4 is 
mounted within the tubular valve body . A 
bore ]8 perpendicular to the cylinder ] is illed 
through the cross arms of the valve body  and 
is provided with counter-bores $ into which sec- 
tions 2a and 28 of the refrigerator tubing 
are inserted. The tubing portions 6a and 
are silver-soldered or brazed to the valve body 
a at 2. 
The upper open end of the valve body a is 
capped by the iron core  and the brass plate 
$6 is interposed between the solenoid core  and 
the upper edge of the lve dy a. In order 
to accoodate and locate the core 8, the out- 
side wall of the verticay extending portion of 
the valve body $a is turned down at M, and the 
cote $8 is soldered or brazed thereto at 6. 
The plunger 4 is somewhat different from 
the plunger 4 in that it bas a reduced portion 
a of greater section. However, the clearance 
between the reduced portion 4a and veical cyl- 
inder 6 is hot less than the cross-sectional area 
of the bore 8 so that when the valve is in open 
position it presents no grear resistance to the 

6 
fl0w. of refrïgeran.thandoes the bore 8. hë 
valve plunger bas a rounded top, .88,for engage. ment with the brass washer 35 to make the valve 
Iess noisy,when held in closed position bFthe 
$ soleoid. The rounded head 88 pesen a single 
çoited eo«ct wi he çIate  wheeas the 
fit heed. alw plunger 4: illsraed i 
1 to 3 presents a plane surface. At tes the 
plane surface is hot even or a small bituf mel 
l0 projects outwardlF therrom, which causes the 
valve plunger 2 to chatter as if is held in te' 
raised ç c!osed position by the energized sole- 
noid coil 38 
The operation ofthe modifleff form of rstri- 
I tion valve a as shown in Fig. 4 is. identical with 
that of Figs. :I fo 3 and need hot' be repeaed. 
Both ïllustrated embodiments of the invention 
dsclose the vlve to be openwhen the plger 
is în the test or: normal position; if is obvious. 
20 at wi.th a mino.r rearrangemm]t :the valve n 
be change so that if will: be Open when the 
plunger is raised and the so]enoid coit energiz.. 
While a preferred' embodiment of the inven- 
tion bas been described, iç will be apparent to 
25 those skilled in the art that numerous modifica- 
tions may be mode therein without departing 
from the spirit and scope of the prescrit ïnven- 
tion, which, therefo], is intended fo be limited 
only by the scope of the appended claires. 
30 at is claed as new and desired fo be 
secured by Uted Stores Letters Patent is: 
1.  a refrigerant circulating system, tubing 
forming alternative paths for refrigerant flow, 
one of said paths normally presenting less re- 
5 sistance to refrigerant flow thon the other path, 
a restriction in the low resistance path, said 
restriction comprising a normally open valve in- 
cluding in combination, a valve body, a pair of 
diametrically opposed openings in said valve 
 body communicating with the tubing, a plunger 
reciprocable in said valve body, said plunger hav- 
ing a portion substantially but hot completely 
fllling the cross sectional area of said valve body 
adjacent said opengs so as to provide a capil- 
45 lary-like space between said plunger and said 
valve body when the valve is closed substantial 
fo prevent the flow of liquid refrigerant there- 
through but to permit the free flow of gaseous 
refrigerant therethrough, said plunger having a 
50 second portion of reduced cross sectional area 
adjacent said openings when the valve  open, 
and means associated with said plunger for mov- 
ing said plunger in only one direction, said 
plunger returng to ifs flrst position by gravity. 
5 2. In a refrigerant circulating system, tubing 
forming alteative paths for refrigerant flow, 
one of said paths normally presenting less re- 
sistance to refrigerant fiow thon the other path, 
a restriction in the low resistance path, said re- 
60 striction comprising a normaHy open valve in- 
cluding in combination, a valve body, a pair of 
openings in said valve body communicating with 
the tubing, a plunger reciprocable in said valve 
body, said plunger having a portion substantially 
6 but hot completely fllling the cross sectionat area 
of said valve body adjacent said openings so as 
to provide a capillary-like space between said 
plunger and said valve body when the valve is 
closed substantially fo prevent the flow of liqd 
70 refrigerant therethrough but to permit the free 
flow of gaseous refrigerant therethrough, said 
plunger having a second portion of reduced cross 
sectional area adjacent said openings when the 
valve is open, and a solenoid coil associated with 
7 said plunger for moving said plunger in only one 
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direction, said plunger returning fo its flrst posi- 
tion by gravity. 
3. In a refrigerant circulating system, tubing 
forming an evaporator, said evaporator being 
formed to have a high resiætance fo refrigerant 5 
flow, a by-pass around said evaporator normally 
presenting less resistance to refrigerant flow than 
said evaporator, a restriction in the low resiitr 
ance path, said restriction comprising a normally 
open valve including in combination, a valve 10 
body, a pair of diametrically oppoled ope_ning 
in said valve body communicating with laid tub- 
ing, a plunger reciprocable in said valve body 
said plunger having a portion substantially but 
hot completely filling the cross sectional are 15 
of said valve body adjacent said openings so as 
fo provide a capillary-like space between said 
plunger and said valve body when the valve iS 
closed substantially fo prevent the flow of lklu!d 
refrigerant therethrough but to permit the free 20 
flow of gaseous refrigerant therethrough, said 
plunger having a second portion of reduced cross 
sectional area adjacent said openings when thé. 
valve is open, and a solenoid coil associated with 

8 
said plunger for moving said plunger in only one 
direction, said plunger returning fo its flrst posi- 
tion by gravity. 
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